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Background: Traditional vital signs (TVS), including systolic blood pressure (SBP), heart rate (HR) and their
composite, the shock index, may be poor prognostic indicators in geriatric trauma patients. The purpose of this
study is to determine whether lactate predicts mortality better than TVS.
Methods: We studied a large cohort of trauma patients age ≥ 65 years admitted to a level 1 trauma center
from 2009-01-01 - 2011-12-31. We defined abnormal TVS as hypotension (SBP < 90 mm Hg) and/or tachycardia
(HR > 120 beats/min), an elevated shock index as HR/SBP ≥ 1, an elevated venous lactate as ≥ 2.5 mM, and occult
hypoperfusion as elevated lactate with normal TVS. The association between these variables and in-hospital
mortality was compared using Chi-square tests and multivariate logistic regression.
Results: There were 1987 geriatric trauma patients included, with an overall mortality of 4.23% and an incidence
of occult hypoperfusion of 20.03%. After adjustment for GCS, ISS, and advanced age, venous lactate significantly
predicted mortality (OR: 2.62, p < 0.001), whereas abnormal TVS (OR: 1.71, p = 0.21) and SI ≥ 1 (OR: 1.18, p = 0.78)
did not. Mortality was significantly greater in patients with occult hypoperfusion compared to patients with no sign
of circulatory hemodynamic instability (10.67% versus 3.67%, p < 0.001), which continued after adjustment (OR: 2.12,
p = 0.01).
Conclusions: Our findings demonstrate that occult hypoperfusion was exceedingly common in geriatric trauma
patients, and was associated with a two-fold increased odds of mortality. Venous lactate should be measured for all
geriatric trauma patients to improve the identification of hemodynamic instability and optimize resuscitative efforts.
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Initial triage, trauma team activation, and early resuscita-
tion of trauma patients is often directed by the presence
of abnormal traditional vital signs (TVS) such as systolic
blood pressure (SBP) and heart rate (HR), as these
measures are physical signs of circulatory hemodynamic
instability (cHI). The shock index (SI), a composite of
TVS, may be a more sensitive and accurate predictor of
hypoperfusion and early shock than its individual* Correspondence: dbaror@ampiopharma.com
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reproduction in any medium, provided the orcomponents [1,2]. However, these markers may not be a
sign of cHI in all patients following traumatic injury [3].
Geriatric patients respond to trauma and shock differ-
ently than their younger counterparts due to the pres-
ence of comorbid conditions, decreased physiologic
reserve, elasticity of the vascular system, and concomi-
tant medication use. Decreased physiologic reserve
reduces the ability to respond to injury or tolerate ag-
gressive resuscitation [4], while polypharmacy can alter
the hemodynamic response to shock and complicate the
patient’s clinical picture [5]. As a result, the severity of
injury and the response to resuscitative efforts are often
underestimated because the absence of tachycardia and
hypotension can be misleading [6,7]. Martin et al.
demonstrated that current triage criteria using SBP andal Ltd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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patients [7], leading to frequent undertriage in the eld-
erly with a high risk of death [8].
Hypoperfusion is associated with the failure to main-
tain capillary oxygen delivery, leading to anaerobiosis
and lactate production in excess to its rate of metabol-
ism. The amount of lactate produced is believed to cor-
relate with the total oxygen debt, the magnitude of
hypoperfusion, and the severity of shock. Venous lactate
(VL) is an accessible, accurate, validated measurement,
and the measurement of admission lactate level may fa-
cilitate the recognition of occult hypoperfusion (OH)
and shock [9-11], as VL is a metabolic indicator of cHI.
Elevated lactate levels have been consistently shown as
a marker of severe injury and mortality in trauma patients,
particularly in patients older than 55 years [10-16]. Des-
pite this knowledge, few activation and resuscitation
guidelines include VL as a measure of cHI, rather focusing
on TVS like SBP and HR [17-19]. We instituted a geriatric
resuscitation protocol in 2009 that includes a VLFigure 1 Patient disposition, by physiologic variable of interest. *Abn
< 90 mm Hg) and/or tachycardia (heart rate > 120 beats/min). †Occult hypomeasurement for all geriatric trauma patients upon pres-
entation to the emergency department (ED), and resusci-
tation based on VL values [20]. Prior to this new geriatric
protocol, activation and resuscitation at our institution
was based on mechanism, physical findings, Glasgow
Coma Scale (GCS) and abnormal TVS. With advances in
healthcare resulting in longer and healthier lifestyles in
the elderly [21], there is greater potential for traumatic in-
jury. Identifying an optimal marker of cHI has
implications for initial assessment and resuscitation
protocols for this ever increasing geriatric trauma popula-
tion. We hypothesized that VL would have better predict-




This retrospective cohort study evaluated the medical
records of all consecutively admitted geriatric (age ≥ 65)
trauma patients from January 1st, 2009 throughormal traditional vital signs: Hypotension (systolic blood pressure
perfusion: Venous lactate ≥ 2.5 mM with normal traditional vital signs.
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Level I Trauma Center located in Lakewood, Colorado.
A trauma patient is defined according to a principal
diagnosis of trauma based on ICD-9-CM diagnostic in-
jury codes. Additional selection criteria can be found in
the State registry manual [22]. Patients were excluded
based on ED disposition, as follows: dead on arrival
(n=8), died in the ED (n=5), discharged from the ED
(n=4) or transferred-out of the ED (n=35, including
transfers to pediatric trauma centers, burn centers, or
Kaiser Permanente medical facilities), Figure 1. We also
excluded patients for whom we were unable to deter-
mine if a VL had been drawn due to incomplete medical
records (n=6). Dedicated trauma registrars prospectively
abstracted data on all trauma admissions into our
trauma registry (TraumaBase©, Conifer CO).
cHI measurements
Vital signs, including SBP and HR measurements, were
taken manually upon arrival to the ED, followed by
automated measurements whose frequency was based
on the patient’s acuity. After initial vital signs were
measured, VL measurements were performed as follows:
an anaerobic blood sample was obtained from an upper
extremity peripheral venipuncture, or occasionally from
a central line if one was placed emergently, and analyzed
with the ABL-700 blood gas analyzer (Radiometer Ana-
lytical, Copenhagen Denmark). If the patient presented
with an elevated VL, interventions included volume re-
suscitation and enhanced vigilance. If persistent, then
central venous monitoring was performed if not already
established.
Outcome evaluation
The primary outcome was in-hospital mortality. The
following variables were analyzed for their association
with and predictive capability for in-hospital mortality:
elevated VL (≥ 2.5 mM), hypotension (SBP < 90 mm
Hg), tachycardia (elevated HR > 120 beats/minute), ab-
normal TVS (the presence of hypotension and/or tachy-
cardia), and elevated shock index ≥ 1. An elevated VL in
the ED ≥ 2.5 mM was used for this analysis based on
previous studies that identified an increased risk of mor-
tality with lactate ≥ 2.5 mM [23-25], and based on the
geriatric resuscitation protocol’s VL parameters for initi-
ating resuscitation protocols. We also examined mortal-
ity related to OH, defined as elevated VL in the presence
of normal TVS.
Covariates included age, sex, ISS, GCS, mechanism of
injury, respiratory rate, and admission service. These
variables were categorized as follows: age (65–84 and ≥
85 years), sex (male and female), ISS (≥ 16 and < 16),
GCS (3–12 and 13–15), respiratory rate (< 10 or > 29
breaths/minute and 10–29), cause of injury (fall, motorvehicle accident, and all other types), and admission ser-
vice (trauma service and all other services).Statistical analysis
Statistical analyses were performed using SASW software,
version 9.2 (SAS Institute, Cary, NC). We examined in-
hospital mortality using Pearson and Fisher’s exact chi-
square tests and multivariate logistic regression. Step-
wise multivariate logistic regression models were used to
examine whether the presence of the physiologic
variables of interest (elevated VL, SI, HR, and SBP, ab-
normal TVS, and OH) independently predicted in-
hospital mortality. All covariates that met entry and exit
values of p < 0.15 were included in the stepwise logistic
regression models, independent of whether they were
significant predictors of mortality in univariate analyses.
Each logistic regression model was built using separate
stepwise selection; however, all models found the
following variables to be significant at entry and exit
values of p < 0.15: GCS, ISS and age. Adjusted R-
squared and Hosmer-Lemoshow goodness of fit statistics
were examined to assess how well the models fit the
data; lower R-squared values and smaller p-values indi-
cate a lack of fit of the model. Data are presented as
odds ratios (OR) with 95% confidence intervals (CI), as
well as medians with interquartile range. For all analyses,
significance was set at p-value < 0.05. This study was
approved by the St. Anthony Hospital Institutional Re-
view Board.Results
Patient demographics
There were 1987 geriatric trauma patients included in
the study (Figure 1). The median age was 79 (72–86)
years, and fall cause of injury occurred in 78.16% of
patients. The most frequent service for admission was
trauma surgery (55.11%), nonsurgical (e.g. critical care,
medicine; 39.31%) and orthopedic services (4.78%).
Overall injury severity was low with a median ISS of 9
(4–10) and median ED GCS of 15 (15–15). Despite the
relatively minor injuries, the median length of stay was 4
(2–6) days, and the most common discharge disposition
was to a skilled nursing facility (43.35%).
Ninety-three patients (4.72%) presented with abnormal
TVS, and 66 patients (3.38%) presented with a SI ≥ 1,
Figure 1. Of the 93 patients with abnormal TVS, 32
patients (39.02%) also had a known elevated VL. There
were 1498 patients (75.39%) who had an ED VL drawn;
of those, 332 patients (22.16%) had an elevated VL.
Thirty-two patients (9.64%) with an elevated VL also
presented with abnormal TVS; the remaining 300
patients (90.36%) presented with OH. Differences
in clinical and demographic characteristics between
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presented in Table 1.
Mortality
There were 84 patients who expired in the hospital
(4.23%); approximately half of all deaths were patients
with an elevated lactate (52.63%, 40/76 patients with a
known lactate), while only 13 patients who expired
presented with abnormal TVS (15.48%, 13/84).
As expected, mortality was significantly greater for patients
with severe overall injuries (ISS ≥ 16 and < 16: 16.00% vs.
2.26%, respectively, p < 0.001), moderate to severe GCS
(3–12 and 13–15: 36.97% vs. 2.12%, respectively, p < 0.001),
and abnormal ED respiratory rate (< 10 or > 29 and 10–29:
24.00% vs. 3.79%, respectively, p < 0.001). Mortality was also
significantly greater in males than females (5.51% and 3.15%,
respectively, p=0.009), and admission to the trauma service
than all other services (5.39% and 2.80%, respectively,
p=0.004). There were no differences in mortality according
to age (65–84 and ≥85: 3.84% and 5.18%, respectively,
p=0.18), and cause of injury (3.73% falls, 5.45% motor vehicle
accident, 6.78% all other causes, p=0.09).
Before adjustment, mortality was significantly different
in patients with abnormal vs. normal TVS, SBP, HR, and
SI (Table 2). However, after adjustment for ISS, GCS,Table 1 Demographic and clinical characteristics by presence
venous lactate*
Variable, % (n) Abnormal TVS (n=93)†
Abnormal TVS† 100 (93)
Lactate ≥ 2.5 mM 39.02 (32)
Mortality 13.98 (13)
Blunt mechanism 96.74 (89)
Female gender 49.46 (46)
Advanced age ≥ 85 20.43 (19)
ISS ≥ 16 38.89 (35)
GCS 3 - 8 22.58 (21)
Respiratory rate < 10 or > 29 6.82 (6)
Trauma team activation 53.76 (50)
Cause
Fall 65.59 (61)
Motor vehicle 23.66 (22)
ED disposition:





ISS, injury severity score; GCS, glasgow coma scale; ED, emergency department; LTA
*There were 11 patients who had both abnormal TVS and elevated venous lactate.
†Abnormal TVS: Systolic blood pressure < 90 mm Hg and/or heart rate > 120 beatsand advanced age, mortality was not significantly higher
in patients with abnormal TVS or SI ≥ 1 (Table 3), nor
were the individual components significant: SBP < 90
mm Hg (OR: 1.93 [0.65 – 5.70], p = 0.24) and HR > 120
beats/min (OR: 1.41 [0.41 – 4.79], p = 0.58), data not
shown.
Conversely, an elevated VL ≥ 2.5 mM with or without
abnormal TVS was significantly associated with mortal-
ity both prior to and after adjustment for ISS, GCS, and
advanced age (Table 3). There was a 2.62-fold increased
odds of mortality in patients with a VL ≥ 2.5 mM, which
persisted when patients with OH were analyzed.
When a multivariate regression incorporating both VL
and TVS was performed, elevated VL continued to pre-
dict mortality (OR: 2.58, p < 0.001), whereas abnormal
TVS was not predictive of mortality (OR: 1.46, p = 0.39),
Table 3.
A moderate-to-severe GCS (3–12) was the most pre-
dictive of mortality in all four models, followed by over-
all injury severity (ISS ≥ 16); the best fitting model
incorporated VL. Although the model’s estimates fit the
data at an acceptable level according to the Hosmer-
Lemoshow goodness of fit test, just 30% of the variability
in mortality can be explained by the explanatory
variables. The remaining 70% of the variability inof abnormal traditional vital signs (TVS) and elevated




















C, long term acute care; SNF, skilled nursing facility.
/min.
Table 2 Comparison of in-hospital mortality rates, by
presence of abnormal circulatory hemodynamic
instability marker
Mortality % (n)
Marker Abnormal Normal P value
Venous lactate 12.05 (40/332) * 3.09 (36/1166) < 0.001
Traditional vital sign 13.98 (13/93) † 3.78 (71/1878) < 0.001
Systolic blood pressure 19.57 (9/46) ‡ 3.85 (74/1920) < 0.001
Heart rate 12.24 (6/49) § 3.98 (76/1908) 0.01
Shock index 10.61 (7/66) ¶ 3.82 (72/1884) 0.02
*Abnormal venous lactate: ≥ 2.5 mM.
†Abnormal TVS: Systolic blood pressure < 90 mm Hg and/or heart rate >
120 beats/min.
‡Abnormal systolic blood pressure: < 90 mm Hg.
§Abnormal heart rate: > 120 beats/min.
¶Abnormal shock index: ≥ 1.
Table 3 Stepwise multivariate logistic regression analysis:
Predictors of in-hospital mortality
Variable Odds ratio 95% CI P value
Model 1: Lactate (r2=0.29; H-L=0.87)
VL ≥ 2.5 mM 2.62 1.49 – 4.58 < 0.001
Glasgow coma scale 3-12 11.49 6.20 – 21.30 < 0.001
Injury severity score ≥ 16 3.40 1.86 – 6.21 < 0.001
Age ≥ 85 years 2.10 1.17 – 3.77 0.01
Model 2: Occult hypoperfusion* (r2=0.28; H-L=0.55)
Occult hypoperfusion* 2.12 1.20 – 3.77 0.01
Glasgow coma scale 3-12 12.28 6.63 – 22.74 < 0.001
Injury severity score ≥ 16 3.47 1.90 – 6.36 < 0.001
Age ≥ 85 years 2.02 1.13 – 3.61 0.02
Model 2: TVS (r2=0.28; H-L=0.77)
Abnormal TVS† 1.71 0.74 – 3.93 0.21
Glasgow coma scale 3-12 14.97 8.52 – 26.29 < 0.001
Injury severity score ≥ 16 3.88 2.23 - 6.76 < 0.001
Age ≥ 85 years 1.92 1.11 – 3.32 0.02
Model 3: Shock index (r2=0.27; H-L=0.69)
Shock index ≥ 1 1.18 0.39 – 3.58 0.78
Glasgow coma scale 3-12 15.38 8.69 – 27.23 < 0.001
Injury severity score ≥ 16 3.86 2.19 – 6.81 < 0.001
Age ≥ 85 years 1.85 1.07 – 3.22 0.03
Model 4: Lactate and TVS (r2=0.29; H-L=0.72)
VL ≥ 2.5 mM 2.58 1.47 – 4.52 < 0.001
Abnormal TVS† 1.46 0.62 - 3.47 0.39
Glasgow coma scale 3-12 11.23 6.06 – 20.83 < 0.001
Injury severity score ≥ 16 3.36 1.84 - 6.13 < 0.001
Age ≥ 85 years 2.14 1.19 – 3.84 0.01
Stepwise logistic regression, with entry and exit values set at p < 0.15 for
all models.
Abbreviations: CI, confidence interval; VL, venous lactate; TVS, traditional vital
signs; H-L, hosmer-lemeshow goodness of fit statistic.
*Occult hypoperfusion: VL ≥ 2.5 mM with normal TVS.
†Abnormal TVS: Systolic blood pressure < 90 mm Hg and/or heart rate >
120 beats/min.
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variables not included in the models. Logistic regression
models that included all variables with p < 0.15 in
univariate analyses produced slightly lower R-squared
values than the stepwise models presented in Table 3.
Discussion
Guidelines for initial triage, trauma team activation, and
early resuscitation following trauma are largely based on
studies performed in younger trauma patients [26]. The
geriatric population appears to be a relevant subset of
patients in whom traditional physical signs of cHI such
as SBP and HR may not identify severe injury and blood
loss [6,7], and in whom additional indicators of cHI such
as VL are important in predicting mortality. The results
of this study demonstrate that a VL ≥ 2.5 mM was inde-
pendently associated with a 2.6-fold increased odds of
mortality in geriatric trauma patients. The TVS of SBP,
HR, and SI were not independently associated with mor-
tality in geriatric trauma patients, and activation based
on abnormal TVS does not appear to independently
identify a population of patients at risk of mortality.
These results were demonstrated in a high volume level
I trauma center with a large percentage of elderly
trauma patients.
Perhaps more importantly, OH was exceedingly com-
mon in elderly trauma patients, occurring in 20.03%,
and was associated with a two-fold increased odds of
mortality. There continues to be a high frequency of OH
ranging from 16% to 70% in hemodynamically stable se-
verely injured patients [27-29]. At our institution we
identified elderly trauma patients who appeared to be
hemodynamically stable in the ED, and would later de-
teriorate in the operating room or in a non-intensive
care unit setting because they were not adequately
resuscitated or triaged. A protocol was implemented that
utilizes VL on admission, and sets in motion aresuscitative protocol for patients with a VL ≥ 2.5 mM.
It is important for inadequate perfusion to be recognized
during initial resuscitation efforts, because prolonged
OH in elderly trauma increases mortality from 12% to
35% [13]. A cut-off for VL of ≥ 2.5 mM was used for the
geriatric resuscitation protocol based on existing litera-
ture [23-25]. A receiver operator characteristic curve
analysis was performed in our population, and the
results of this analysis support our definition of elevated
VL: the optimal cut-off was found to be > 2.4 mM, with
a sensitivity of 52.6% and a specificity of 79.5% for
mortality.
Our results demonstrate that standard physiologic
variables of SBP and HR may not identify increased risk
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lactate can be used to identify patients with an increased
risk for in-hospital mortality, signifying that an increased
risk of mortality may not be recognized in current triage
and resuscitation protocols that do not incorporate VL.
The geriatric population may be especially susceptible to
under-evaluation of risk because of comorbidities,
polypharmacy and decreased physiologic reserve. We be-
lieve an initial VL drawn in the ED or in a pre-hospital
setting may improve the identification of significantly
injured geriatric patients. Further, we advocate the im-
plementation of a geriatric-specific resuscitation proto-
col that includes an initial VL to aid in resuscitation and
care protocols.
Several recent studies in non-geriatric trauma patients
corroborate our findings that lactate is more strongly
associated with mortality following trauma than stand-
ard physiologic variables [14,30,31]. Meregalli et al.
examined 44 high-risk, hemodynamically stable trauma
patients, and showed that nonsurvivors had higher lac-
tate than survivors at 12 hours, 24 hours, and 48 hours,
whereas there were no differences in mean arterial pres-
sure, HR, and arterial blood oxygenation at any time be-
tween survivors and nonsurvivors [31]. On receiver
operator characteristic curve analysis, the area under the
curve was greater for lactate than for mean arterial pres-
sure, HR, arterial bicarbonate, PaO2/FiO2, and urine out-
put for predicting mortality. Vandromme et al. studied
trauma patients in whom hemodynamic measures were
indeterminate (SBP between 90–110 mm Hg), and
demonstrated that lactate was a significantly better pre-
dictor of mortality than pre-hospital SBP and ED SBP
[14]. Lavery and colleagues compared VL ≥ 2 mM
against standard triage criteria in their ability to identify
major injury, and showed that VL was significantly bet-
ter in predicting ISS, intensive care unit resource
utilization, and hospital length of stay [30].
Additionally, two studies in elderly trauma patients
have shown that standard physiologic variables may not
identify severe injury [3,6]: Lehmann et al. studied nearly
14000 geriatric trauma patients, and showed that HR
and SBP were not predictive of severe injury [6], while
Zarzuar and colleagues demonstrated that only in geriat-
ric patients was age x SI a better predictor of mortality
than HR, SBP, and SI alone [3].
A recent systematic review reported that initial lactate
is useful for risk assessment, and an elevated lactate
requires close monitoring for signs of deterioration [15];
yet few guidelines incorporate an initial lactate measure-
ment [17-19]. Based on the results of this study, VL
measurements should be used in the ED for patients for
whom no activation occurs based on TVS. Further, we
recommend that future studies examine the value of
adding a point-of-care measurement of VL for eitherpre-hospital activation or delayed activation in the ED.
While both venous and arterial lactate measurements
have been shown to be markers of serious injury
following trauma, VL eliminates the need for arterial
sampling and correlates strongly with arterial lactate
[15,30].
There are several potential limitations to our study:
First, the study evaluated mortality in our geriatric
trauma population, who sustained predominantly minor
blunt injuries from fall and motor vehicle mechanisms
of injury, which limits the ability to generalize our
findings for trauma populations unlike our own. How-
ever, we believe the majority of elderly trauma patients
seen at other institutions present with similar injury
characteristics [12]. Second, compliance with VL
measurements was 75.39%. Patients without a VL closely
resembled patients with a VL < 2.5 mM for mortality
and probability of survival; therefore, we believe the as-
sociation between elevated VL and mortality would re-
main had all patients received a VL measurement. Third,
due to the retrospective design we do not have all poten-
tially relevant data to compare our studies to the existing
literature, including emergent interventions in the ED,
pre-injury location (e.g. home, nursing facility) and with-
drawal of support. Fourth, there are additional activation
and resuscitation parameters that we did not compare
VL with, such as revised trauma score, GCS, and re-
spiratory rate. Our study was intended to compare pre-
dictive ability of physical signs of cHI (SBP and HR) and
metabolic indicators of cHI (VL) for mortality. Other
institutions use base deficit as a metabolic marker of
cHI; we did not examine base deficit because our
geriatric resuscitation protocol specifies routine col-
lection of VL.Conclusions
These results add to the growing body of literature dem-
onstrating that VL is a predictor of mortality following
trauma, and that standard physiologic variables of SBP
and HR are not independent predictors of mortality in
older trauma patients. These findings were demonstrated
in a high volume level I trauma center with a large per-
centage of elderly trauma patients. Determining initial
VL levels may improve the identification of cHI, resusci-
tative efforts, and outcome of geriatric patients, particu-
larly those with unrecognized hypoperfusion.
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